Three burley tobacco samples from three different areas in China and Brazil were roasted under three processing conditions. The amino acids and basic components of the burley tobacco samples were determined before and after roasting. Routine tobacco variables (reducing sugars, total water-soluble sugars, total nitrogen, total alkaloids, total volatile bases, and pH) were determined according to the Chinese National Standard Methods (CNSM). Free amino acids were determined by high performance liquid chromatography (HPLC). The basic compounds were isolated by use of simultaneous distillation and extraction (SDE) equipment. Their levels were determined qualitatively and quantitatively on a) a gas chromatograph (GC) equipped with a nitrogen-phosphorus detector (NPD) and b) by gas chromatography mass spectrometry (GC-MS). The results indicated that the chemical changes occurring during roasting have a significant impact on burley tobacco quality. Roasting decreased the tobacco pH value and the levels of total nitrogen, reducing sugars, free amino acids, and other nitrogenous substances, such as amines and alkaloids. The latter are usually related to the irritancy and sharp taste of burley tobacco smoke. In contrast, the levels of pyrazines, important contributors to the characteristic burley flavor, increased. 
Changes in Levels of

SUMMARY
Three burley tobacco samples from three different areas in China and Brazil were roasted under three processing conditions. The amino acids and basic components of the burley tobacco samples were determined before and after roasting. Routine tobacco variables (reducing sugars, total water-soluble sugars, total nitrogen, total alkaloids, total volatile bases, and pH) were determined according to the Chinese National Standard Methods (CNSM). Free amino acids were determined by high performance liquid chromatography (HPLC). The basic compounds were isolated by use of simultaneous distillation and extraction (SDE) equipment. Their levels were determined qualitatively and quantitatively on a) a gas chromatograph (GC) equipped with a nitrogen-phosphorus detector (NPD) and b) by gas chromatography mass spectrometry (GC-MS). The results indicated that the chemical changes occurring during roasting have a significant impact on burley tobacco quality. Roasting decreased the tobacco pH value and the levels of total nitrogen, reducing sugars, free amino acids, and other nitrogenous substances, such as amines and alkaloids. The latter are usually related to the irritancy and sharp taste of burley tobacco smoke. In contrast, the levels of pyrazines, important contributors to the characteristic burley flavor, increased. Studies on the changes in the levels of routine variables (reducing sugars, total water-soluble sugars, total nitrogen, total alkaloids, total volatile bases) of burley tobacco during roasting were summarized in 1996 by WU and WU (8) . However, only a few published studies deal with the volatile flavor components produced in burley tobaccos during roasting. The reason for this lack may possibly be because the reactions during roasting are extremely complex or perhaps because such studies were never published because of their proprietary nature. Our objective was to determine the changes in the levels of amino acids and basic components of burley tobacco produced by roasting. Routine tobacco variables (reducing and water-soluble sugars, total nitrogen, total alkaloids, total volatile bases) were determined according to the Chinese National Standard Methods (CNSM). Free amino acids were determined by high performance liquid chromatography (HPLC). Basic compounds were obtained with simultaneous distillation and extraction (SDE) equipment. Their levels were determined qualitatively and quantitatively on a) a gas chromatograph (GC) equipped with a nitrogen-phosphorus detector (NPD) and b) by gas chromatography mass spectrometry (GC-MS).
EXPERIMENTAL
Materials and roasting conditions
Burley tobacco leaves were collected from Brazil (1998 crop, BYR/S) and the Hefeng demonstration and nondemonstration areas in the Hubei province of China (2000 crop, middle leaves). Hefeng county is a burley tobacco producing area. A control area was developed where the agriculture experts produced the burley tobaccos under strict management. In this control area, the rate of fertilizer was 75.8 kg/acre (187.2 kg/ha), the ratios of N:P:K were 1:1.5:2. Practices of seedling, transplanting, topping, and field management as well as the curing facilities were improved. As a result, the burley tobaccos in the control area were superior to those in the non-control area.
As described previously (9), the burley tobaccos were treated in three different ways before roasting: With water, aqueous sugar, and aqueous ammonia. They were roasted for 11 minutes. The airflow temperature was 100 C; the relative humidity was 50%. The tobacco leaves were ground to pass a 40-mesh grid, and stored in sealed containers. The code names assigned to the 12 samples are listed in Table 1 .
Reagents
The following authentic compounds, with purities higher than 97% (GC), were used: Pyrrole, thiazole, pyridine, 2-acetylpyridine, 3-acetylpyridine, 2-ethyl-6-methylpyrazine, 2,3-dimethylpyrazine, 2,5-dimethylpyrazine, trimethylpyrazine, and tributylamine (internal standard). Analytically pure anhydrous sodium sulfate (Na 2 SO 4 ), dichloromethane (CH 2 Cl 2 ), sodium hydroxide (NaOH), and hydrochloric acid (HCl) were used during the study.
Instruments
The following instruments were used: SDE equipment, an in-house-made burley roaster, an HP 1090 II/L HPLC, and an AA3 auto-analysis equipment (BRAN+LUEBBE). An HP 5890 GCII equipped with a nitrogen-phosphorus detec- 331 m film thickness) capillary column were used. After temperature programming from 70 to 270 C at a rate of 2 C/min, the temperature was maintained at 270 C for 30 min. The split ratio was 20:1. Injection port temperature was 260 C; detector temperature was 270 C. Nitrogen was the carrier gas. The GC-MS measurements were made with electron energy of 70 eV on an HP 5973 mass spectrometer connected to an HP 6890 gas chromatograph. GC conditions were as described above. Transfer line temperature was 280 C, the ion source temperature was 200 C, the carrier gas was helium, and the mass spectral library was the Wiley/NIST Registry of Mass Spectral Data, 6th Edition. 
Determination of routine tobacco variables
Determination of free amino acids
OPA (o-phenyldialdehyde) auto-precolumn derivation reverse-phase HPLC was used to determine the levels of free amino acids in the burley tobaccos before and after roasting (11) .
Extraction of basic flavor components
Ground tobacco (25 g) was extracted with CH 2 Cl 2 by SDE. The extract was extracted three times with a 5% HCl solution. The combined acidic extracts were back extracted with CH 2 Cl 2 to remove residual neutral components. Then, the acidic solution was adjusted to pH 11-12 with saturated NaOH solution. The basic fraction was obtained by extracting the alkaline solution with CH 2 Cl 2 . The resulting basic fraction solution was treated with anhydrous Na 2 SO 4 , then concentrated at atmospheric pressure to about 1 mL for GC and GC-MS analysis (see Figure 1) .
Determination of dried substances lost during analysis
The % calcium was determined according to CNSM No. GB/T12398-90. The result indicated that the amount of dried substances lost during roasting was so low (round about 0.2%) that it was considered negligible.
RESULTS AND DISCUSSION
Reproducibility and recovery
Both internal standard and regression equation methods were used for the quantitative determination of the basic components. Tributylamine was used as the internal standard. The concentrations of seven basic components (3 pyridines, 4 pyrazines) were calculated from the appropriate regression equations (R 2 = 0.9990-0.9999). Concentrations of other components were calculated on the basis of the peak area relative to that of the internal standard, tributylamine. It was assumed that these components had the same response as tributylamine to the nitrogen-phosphorus detector. Calibration curves of the seven basic compounds were linear in the calibrated range. Known amounts of authentic compounds were treated as described above and the % recovery determined. Five groups of authentic compounds were treated and analyzed under the same experimental and GC conditions and the reproducibility results were obtained. The % recovery and reproducibility results (n = 5) are summarized in Table 2 .
The recovery of most basic components exceeded 80%. The reproducibility, expressed as coefficient of variation, of most basic components was 7% or better. Since the level of most of the tobacco components was very low, the reproducibility of this method was considered acceptable.
Routine chemical components
Routine tobacco variables were determined according to CNSM. The variables determined included: Reducing sugar, total water-soluble sugars, total nitrogen, total plant alkaloids, total volatile bases, and tobacco pH. The results are summarized in Table 3 . The data in Table 3 indicate the following:
1) The amount of reducing sugar obviously decreased. During roasting of the burley tobacco, the reducing sugar was involved in the Maillard reaction and caramelization (Note: When sugar is heated at elevated temperatures, an aroma is generated accompanied by color development. These changes are defined as carameli- 2) The amount of total sugars increased. The total watersoluble sugars in tobacco is generated by the hydrolysis of starch. The hydrolysis may be described as follows: starch→dextrin→maltose→glucose. While the starch was undergoing hydrolysis to sugars, sugars were consumed through the Maillard reaction and caramelization. From Table 3 , we note that B 1 >B o , B 3 >B o , C 1 >C o , and C 3 >C o . This means the amount of total sugar produced is greater than the amount consumed. After roasting with aqueous glucose, the total sugar increase is because the amount of added aqueous sugar was too high.
3) The amount of total nitrogen decreased about 10% during roasting. The decrease may be attributed to the reactions between nitrogen compounds and sugar plus possible vaporization of some nitrogen compounds at high temperature. 4) The amount of total plant alkaloids decreased a little, about 1% to 7%, because some plant alkaloids either hydrolyzed or vaporized. 5) The amount of total volatile bases decreased. Obviously, a portion of some volatile bases vaporized during the high temperature roasting. 6) The tobacco pH value decreased. The order of the range of decrease in each series is as follows:
So, under the same roasting condition, the use of aqueous glucose depresses the tobacco pH more than the other treatments. The decrease of tobacco pH is due to high temperature oxidation with a resulting increase in highly oxygenated products. At the same time, enhanced Maillard reactions would also contribute to the pH decrease. a The retention times of these peaks were less than that of nonane, but they agreed with those of authentic thiazole, pyrrole, and pyridine.
Comparison of free amino acids in control and roasted burley tobaccos
The levels of 16 free amino acids were determined in the three roasted and control burley tobaccos. According to the data in Table 4 , the following observations may be made: 1) Roasting with water: Among the three burley samples, the total amount of free amino acids increased (A: 10.33%; B: 3.07%; C: 13.61%). The levels of seven amino acids increased in A, the levels of 10 amino acids increased in B, and the levels of 15 amino acids increased in C.
2) Roasting with aqueous ammonia: The total amount of free amino acids in A and C increased (A: 10.33%, C: 8.47%), but that in B decreased by 1.02%. The levels of 13 amino acid increased in A, the levels of 8 amino acid increased in B, the levels of 14 amino acid increased in C. 3) Roasting with aqueous glucose: In the three burley samples, the total amount of free amino acids decreased (A: 20.73%, B: 17.56%, C: 16.53%). Except for glycine and leucine, the levels of the other free amino acids decreased in A. Except for alanine, the levels of the other free amino acids decreased in B. The levels of all the amino acids decreased in C. The levels of the following amino acids obviously decreased: Phenylalanine, asparagine, leucine, tyrosine, methionine, alanine, glycine. The amino acids of burley tobacco leaves were involved in at least two competitive reactions during the roasting: a) Their generation by protein hydrolysis and b) their consumption in the Maillard reaction. When the tobacco was roasted with water, the total amount of free amino acids increased, indicating the increase in amount due to protein hydrolysis was greater than the decrease due to the Maillard reaction. In contrast, when the tobacco was roasted with aqueous glucose, the amount of total free amino acids decreased, indicating that the added glucose consumed more amino acids.
Changes in levels of basic compounds in burley tobaccos during roasting
By comparing the retention index (RI) values or the standard mass spectral data [The Wiley/NIST Registry of Mass Spectral Data, 6th Edition (275,000 spectra of 226,000 compounds)], 36 basic compounds were qualitatively identified and their match qualities listed. No differences were observed in the number of basic compounds in burley tobacco during roasting. Table 5 summarizes the results. Among the 36 basic compounds identified from the burley tobaccos were six pyrazines, 13 pyridines, and 17 other heterocyclic compounds. Figure 2 depicts the gas chromatograms. An HP 5890 GC II equipped with a nitrogen-phosphorus detector, and an Ultra2 (50 m × 0.2 mm i.d. × 0.331 m film thickness) capillary column were used. After temperature programming from 70 to 270 C at a rate of 2 C/min, the temperature was maintained at 270 C for 30 min. The split ratio was 20:1. Injection port temperature was 260 C; detector temperature was 270 C. Nitrogen was the carrier gas.
Quantitative analysis of basic flavor components in burley tobacco during roasting
Quantitatively, the levels of 19 basic compounds were determined. Table 6 summarizes the results. The total amount of basic components of burley tobacco decreased during roasting. In this study, five pyrazines -2,3-dimethyl-and 2,5-dimethylpyrazine, 2-ethyl-3-methyl-and 2-ethyl-6-methylpyrazine, and trimethylpyrazine -known to be produced in the Maillard reaction (12) were identified. The total amount of pyrazines in burley tobacco increased during roasting. The ranges of increase of trimethylpyrazine and 2,3-dimethylpyrazine are most obvious. Dimethylpyrazine contributes popcorn flavor; trimethylpyrazine contributes roasting cocoa, peanut, and fried potato flavors. The increase in the amounts of these compounds plays an important role in the characteristic burley tobacco smoke flavor.
As indicated in Table 6 , seven pyridines were quantitated in this study. While their total amount increased during roasting, the amounts of pyridine, 2-acetylpyridine, 3-formylpyridine, and 2,3,5-trimethylpyridine increased significantly. It has been reported that pyridine and 2,3,5-trimethylpyridine have been applied in a tobacco flavor formulation to enhance the characteristic flavor of burley tobacco (13) . Other investigators have suggested that several alkylated pyridines in tobacco smoke contribute to its undesirable taste and strength (14) . Pyrrole (produced in the Maillard reaction and the Strecker degradation) contributes a roasted bread flavor. Its amount increased during roasting. Thiazole and several other heterocyclic nitrogen compounds were also identified. The levels of most of them increased during roasting.
The analytical results indicate that the total amount of amines in the burley tobaccos generally decreased during roasting, a decrease probably due to volatilization. The level of nicotine decreased in all three burley tobaccos roasted under different conditions.
CONCLUSIONS
High-temperature treatment of the burley tobacco is usually necessary in the manufacturing process involving a cigarette blend. Appropriate roasting conditions generate aroma and flavor compounds and remove amines, thereby making the smoke more acceptable, reducing irritation, modifying the tobacco pH, and improving the quality of the burley tobacco. In this study, numerous analytical methods were used to determine the changes in the levels of burley tobacco components during roasting. The findings include:
1) The percentages of total nitrogen, total alkaloids, and total volatile amines in the tobacco decreased, thereby reducing the irritancy and unacceptable taste of the smoke. In addition, the tobacco pH decreased, a benefit to the organoleptic properties of the smoke. 2) Under the three different roasting conditions, the amounts of free amino acids and sugars changed rather significantly, demonstrating that the Maillard reaction occurred during roasting. 3) From the analytical results of the basic compound study, 36 were qualitatively identified in the burley tobacco. For the first time, 19 basic compounds were quantitatively determined before and after roasting and the results indicate that the amounts of heterocyclic compounds increased. Such compounds play an important role in the characteristic flavor of burley tobacco. In addition, the amounts of amines and alkaloids decreased which is an occurrence that improves the smoking quality of the burley tobacco.
